Reverse transcription (RT) was carried out on 4 µg of RNA with random hexanucleotide primers (5 ng/µl final concentration, GE Healthcare) using superscript II (Invitrogen) according to the manufacturer's protocol. RT negative controls were prepared and treated identically except that the reverse transcriptase enzyme was omitted from the reaction. After the RT reaction was completed the sample was diluted to 100 µl with molecular biology grade water. Real-time PCR was performed with an ABI PRISM 7000
Sequence Detection System using SYBR green PCR Master Mix (Applied Biosystems). 1 µl of cDNA was used for each real-time PCR reaction which were performed in triplicate, with the following thermal cycling conditions: 50˚C for 2 minutes and 95˚C for 10 minutes, followed by 40 cycles of 95˚C for 15 seconds and 62˚C for 1 minute. The relative amount of cDNA amplified for each primer pair was calculated by comparing to a genomic DNA standard curve. For primer sequences, see Supplementary Table S4 .
RNA FISH. The sections were briefly air-dried, extracted with 0.5% Triton X-100 in phosphate-buffered saline (PBS) on ice, fixed in 4% formaldehyde, 5% acetic acid for 18 min at room temperature, washed 3 times in PBS for 5 min each, dehydrated in 70-100% ethanol series and air-dried. We carried out probe hybridization and subsequent procedures as described previously (4). We visualized Air and Slc22a3 transcripts with antisense dinitrophenol-and digoxigenin-labelled single-stranded DNA probes, respectively, which were prepared as described (4). Our probe for Air corresponded to nt 120875-123719 of GenBank AJ249895, the probe for Slc22a3 to nt 4971942-4974278 of GenBank NT_039638 and the probe for Igf2r to nt 124243-126190 of GenBank NT_097336.1. Since our Slc22a3 and Igf2r probes were directed to intron 1 and 2, respectively, they only RNA/DNA FISH. Probe labelling, pre-hybridization treatments, hybridization, posthybridization wash and signal detection for RNA FISH were carried out as described above. After RNA FISH, the sections were fixed again in 4% formaldehyde in PBS for 30 min at room temperature, washed 3 times in PBS for 5 min each, treated with 100 µg/ml RNase A in 2 × SSC for 1 h at 37ºC. After a brief rinse in 2 × SSC, the sections were denatured in 70% formamide, 2 × SSC for 5 min at 85ºC, dehydrated with 70% ethanol for 5 min at -20ºC followed by 100% ethanol for 3 min on ice, then air-dried before hybridization with DNA FISH probe. We carried out probe preparation, hybridization, posthybridization wash and signal detection for DNA FISH as previously described (5). A 170 kb BAC clone RP24-240D2 from BACPAC Resources, labelled with biotin by nick translation, was used as a DNA FISH probe to detect the Slc22a3 locus.
Image analysis. To calculate the cover index, z-stack images of each pair of FISH signals were captured with a Zeiss LSM510 META confocal microscope, and the cover index was calculated using Volocity software (Improvision). To determine the cover index, the Slc22a3 signal centre was first identified as the brightest three pixels (one pixel corresponded approximately to 0.05 µm × 0.05 µm on tissue sections) among the Slc22a3 signal of the pair. Then the cover index was calculated as a ratio of the average Air signal intensity at the Slc22a3 signal centre divided by the average of the three brightest Air signal intensities within the pair. antibodies were directed to the site of the hapten-labelled Air RNA FISH probe on placental tissue sections ( fig S3A) . The HRP then catalyzes the covalent deposition of a biotinyltyramide on chromatin and other proteins in the immediate vicinity of the RNA. We verified biotinyl-tyramide labelling to a single site per nucleus in the labyrinthine trophoblast layer of the placenta using fluorescently conjugated streptavidin ( fig S3B) . The sections were then removed from the slides and sonicated to fragment chromatin to an average size of < 500 base pairs ( fig S3C and fig S4) . Biotin-labelled chromatin fragments were recovered on streptavidin beads ( fig S3D) and assessed for enrichment of specific sequences by real-time PCR.
We used 500-675 tissue sections for each experiment. Probe preparation, pre-hybridization, hybridization and post-hybridization washes were carried out as described (4). All the subsequent procedures were at room temperature unless stated otherwise. Endogenous peroxidases were quenched in 3% H2O2 in PBS for 60 min, washed in PBS 3 times and TST (100 mM Tris pH7.5, 150 mM NaCl, 0.05% Tween 20) for 5 min each, and blocked with TSB (100 mM Tris pH7.5, 150 mM NaCl, 0.5% blocking reagent (PerkinElmer) for 30 min. We incubated slides with anti-digoxigenin antibody conjugated with horseradish peroxidase (Roche) diluted 1:100 in TSB for 30 min in a humidified chamber, washed twice for 5 min each in TST and then incubated them for 10 min with biotinyl-tyramide (PerkinElmer) diluted 1:50 with TSA diluent (PerkinElmer) containing 20% sodium dextran sulfate. The slides were then quenched again in 0.5% H2O2 in PBS for 10 min, washed twice in TST for 5 min each and transferred to 100 mM Tris pH 7.5, 150 mM NaCl on ice for scraping.
We checked biotin deposition by staining 2-3 sections with a FITC-conjugated streptavidin (Molecular Probes; diluted 1:200 in TSB) for 30 min. The sections were then washed, dehydrated, mounted and observed under the fluorescent microscope.
We scraped the rest of the sections from the glass slides in 10 mM Tris pH 8.0, 10 mM EDTA, 0.5 mM EGTA, 0.25% Triton X-100 on ice. The sections were then spun down at 2,900g for 25 min at 4ºC, resuspended in ice-cold 10 mM Tris pH 8.0, 100 mM NaCl, 1 mM EDTA, 0.5 mM EGTA and sonicated on ice 3 times for 5 min each (with 5 min interval on ice between bursts) using a Microson Ultrasonic Cell Disruptor set at level 3. We centrifuged the material for 15 min at 10,000g at 4ºC and obtained the supernatant containing the soluble chromatin. This procedure routinely yielded chromatin fragments less than 1 kb (see fig. S2 ). We set aside 10% of the soluble chromatin as the input fraction, and mixed the rest with 250 µl of streptavidin agarose beads (Molecular Probes) in RIPA buffer (50 mM Tris pH 8.0, 150 mM NaCl, 1% Triton X-100, 0.1% sodium deoxycholate, 0.1% sodium dodecyl sulfate, 1 × Complete protease inhibitor cocktail (Roche) at 4ºC with constant agitation overnight. After binding, we washed the streptavidin agarose beads 3 times with 1 ml PBS at 4ºC for 30 min each. We then reversed the formaldehyde crosslinks and purified DNA from the streptavidin agarose beads (eluted in 70 µl as pull down fraction) according to manufacturer's instructions using QIAamp DNA micro kit (Qiagen). The input fraction was processed via the same method as the pull down fraction for crosslink reversal and purification, and eluted in 100 µl.
The enrichment of genomic DNA in pull down versus input fractions was analyzed by real-time PCR using the primer pairs shown in Supplementary Table S5 . Realtime PCR was carried out with an ABI PRISM 7000 sequence detector using 2 × SYBR green PCR master mix (Applied Biosystems). For each primer pair, we generated a standard curve using 1:200, 1:500, 1:1250 and 1:2500 dilution of the input fraction, which was then used to quantify the concentration in the pulldown fraction. We performed three biological replicates for each time point and tissue and all PCR reactions were done in triplicate. We analyzed the melting curve of all PCR products to ensure that all reactions rabbit anti-Goat (Sigma G4018; as a negative control). Input and immunoprecipitated samples were quantified using a spectrophotometer (NanoDrop). Real-time PCR was performed with an ABI PRISM 7000 Sequence Detection System using SYBR green PCR Master Mix (Applied Biosystems). The real-time PCR reactions were carried out in triplicate with the following thermal cycling conditions: 50˚C for 2 minutes and 95˚C for 7 7 10 minutes, followed by 40 cycles of 95˚C for 15 seconds and 62˚C for 1 minute. The relative enrichment for each primer pair was calculated by comparing to a standard curve of the input and normalising to the 2.5 Mb upstream primer pair, which showed a consistent level of enrichment for all modifications tested. For primer sequences, see Supplementary   Table S5 .
RNA Immnoprecipitation (RNA IP). E11.5 placentas were crushed to a fine powder in a mortar and pestle on dry ice. Cross-linking and lysis were done as described (9) washes were done essentially as described (9), and immunoprecipitates were eluted with 1% SDS, 0.1M NaHCO3. Cross-links were reversed with 0.5% SDS and 100 µg/ml proteinase K at 65˚C for overnight. After DNA purification, quantification of pull down fraction was performed by real-time PCR as described above using primer pairs in Supplementary Table S5 and input fractions with DNA standard curves.
Single strand conformation polymorphism (SSCP) assay. PCR-SSCP assay was carried out as previously described (10). Breifly, total RNA was extracted from E8.5 or E9.5 F1
hybrid placentas and embryos from C57BL/6 (B6) female x M. molossinus male (inbred stain JF1) cross. cDNAs were synthesized using random oligonucleotides and PCR amplifications (35 cycles) were performed on the cDNAs in the presence of radio-active 33 P-dCTP with the following primers (amplicon is in the 3' UTR of each gene) ; 5'-GAGCATCACACTCCGTTCTCC-3' and 5'-AAGCCTTCTGGAGCAGAGAC-3' for Slc22a3, 5'-GAGTGGCCGAGCTGAGCCAG-3' and 5'-GCAGTGTCGTACACCCAGCC-3' for Slc22a2, 5'-GTGTGCTTCCAACAGGTGCCC-3' and 5'-GGGTATGTAAATGCCACCTAT-3' for Igf2r. After PCR amplification, the PCR products were denatured and run through a non-denaturing poly-acrylamide gel in order to reveal single strand conformation polymorphisms (SSCPs) between maternally and paternally derived transcripts.
Statistical analysis.
In analyzing the cover index we employed Fisher's exact test. RNA TRAP data were analysed by two-way ANOVA. Where appropriate, contrast tests were applied to assess significant differences. These analyses were carried out using SPSS 14.0 (SPSS Inc 
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We found allele-specific enrichments of H3K4 modifications at the maternal Igf2r and paternal Air promoters ( fig. S5 ), reflecting their allele-specific, imprinted expression, and consistent with their H3K4 profiles in other cell types (11, 12) . H3K4 methylation was also present at the Slc22a3 promoter in placenta, however this modification was not allele specific since both maternal and paternal alleles showed equivalent modifications at E11.5 that were reduced similarly at E15.5.
H3K9me3 enrichment was found at the maternal Air promoter in E11.5 and E15.5 placenta (Fig. 3) , consistent with other cell types (12). In addition, we detected H3K9me3 enrichment at the paternal Air promoter in E11.5 placenta (Fig. 3) , which may reflect the low level of Air expression in early placenta (see fig. S1 ).
A peak of histone H3K27 tri-methylation was found on both maternal and paternal Slc22a3 Supporting fig. S5 . Allele-specific ChIP analysis of histone modifications. Allele-specific H3K4 tri-methylation, H3K4 di-methylation and H3K27 tri-methylation within the locus were analyzed by ChIP using +/T hp and T hp /+ placentas at E11.5 and E15.5. The fold enrichment in the pull down to input fraction at each data point was normalized to the enrichment at 2.5 Mb upstream. Shown are the mean fold enrichment values ± SD from one biological replicate experiment. A biological replicate showed similar results. Schematic map of the locus is shown below with vertical dashed lines at the imprinted gene promoters.
Supporting fig. S6 . RNA IP in E11.5 placenta using a different anti-G9a antibody (Upstate) from the one used in Fig. 4A . Air RNA is detected by RT-PCR as in Fig. 4A . The y-axis value represents the mean ± SEM derived from several measurements in a single experiment. A biological replicate showed similar results.
Supporting fig. S7 . Allele-specific ChIP in T hp deletion placentas at E11.5 using an different anti-G9a antibody (Upstate) from the one used in Fig. 4B . The mean fold enrichment ± SEM of G9a-pull down over IgG-pull down, normalized to the corresponding pull down at 2.5 Mb upstream is shown.
Supporting fig. S8 . Allele-specific detection of Slc22a3, Slc22a2 and Igf2r transcripts in E8.5 and E9.5 F1 hybrid placentas and embryos from C57BL/6 (B6) female x M. musculus molossinus male (inbred stain JF1) cross. Each of the cDNAs was analyzed for single strand conformation polymorphisms (SSCPs) in the 3' UTR to determine the parental origin of the transcripts.
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Supporting table S5
List of primers used for real-time PCR in RNA TRAP and ChIP experiments. ***These primers were used only in ChIP analyses for histone modification.
